This study compares the dosimetry of high-dose-rate intracavitary brachytherapy (HDR-ICBT) performed with and without general anesthesia/spinal anesthesia (GA/ SA) in patients with cervical carcinoma. We retrospectively retrieved the records of 138 HDR-ICBT applicator insertions performed in 46 patients: 69 performed with GA/SA (anesthesia group known as AG) in 23 patients, and 69 performed without GA/SA (nonanesthesia group known as NAG) in 23 patients. The intracavitary brachytherapy (ICBT) application was done with central tandem and two vaginal ovoids. For each ICBT plan, a high-dose-rate (HDR) dose of 7 Gy was prescribed to point A. 
I. IntroduCtIon
Intracavitary brachytherapy (ICBT) is an important treatment in the management of cervical carcinoma. (1) The standard ICBT application consists of insertion of a central tandem in the uterine cavity and two ovoids in the vagina, and delivering the brachytherapy treatment by feeding sources through applicator. It is a mean to deliver the required dose of brachytherapy to cervical and parametrial region with relative sparing of the adjoining normal structures. (2) Though often combined with external-beam radiation therapy (EBRT) in a curative setting, it can be used alone in very early stage (3) and rarely as palliative or haemostatic treatment (4) to relieve the severe bleeding from cervical tumor not controlled by EBRT. It can be practiced in the form of low-dose-rate (LDR) or pulsed-dose-rate (PDR) or more often HDR. HDR treatment is completed within minutes and applicator is removed within 2-3 hours after the applicator insertion; but requires 2-6 fractions. (5) Various forms of anesthesia have been used for inserting the HDR-ICBT applicator: general anesthesia/spinal anesthesia (GA/SA), paracervical block and conscious sedation (CS). (6) Different institutions choose the method of anesthesia which suits its patients and the institute. Though GA/SA provides good analgesia and muscle relaxation, it has shown to be associated with higher complication rate. (7) CS, on the other hand, is simple and convenient to practice, but may cause pain, discomfort, and poor muscle relaxation. This might lead to improper ICBT applicator placement and poor vaginal packing, resulting in higher doses to organs at risk (OAR), thus compromising dosimetry; however, no such study exists in the literature to date. We conducted a study to compare the HDR-ICBT dosimetry with and without GA/SA in patients with cervical carcinoma to find out if the lack of GA/SA affected the dosimetry.
II. MAtErIALS And MEtHodS
Till the end of year 2007, our institutional practice was to administer GA/SA for performing HDR-ICBT for cervical cancer patients. Since 2008, we have stopped giving GA/SA and almost all HDR-ICBT applicator insertions are performed under CS. The present study is based on the analysis of dosimetric data of 138 HDR-ICBT plans (46 patients), 69 with GA/SA and 69 without GA/SA, to find out if the lack of GA/SA yielded inferior dosimetry. We retrieved the ICBT dosimetry data of 23 patients (at random) who underwent three HDR-ICBT applications (once a week application, each application delivering a single fraction of 7 Gy to point A) under GA/SA in the year 2007. Similarly, data of 23 patients were retrieved in year 2008 who underwent similar treatment without GA/SA.
The treatment consisted of whole-pelvis EBRT with a dose of 50.4 Gy in 28 fractions over 5.5 weeks by the four-field box technique with concurrent weekly cisplatin. After the course of EBRT, patients were assessed and found eligible for standard HDR-ICBT application.
A. ICBt applicator insertion
Twenty-three patients underwent 69 HDR-ICBT applications under GA/SA and the other 23 underwent equal number of applications without GA/SA. Pre-anesthetic checkup was done for all anesthesia group (AG) patients and the anesthetic team decided the type of anesthesia, GA or SA, to be administered. The patients were admitted a day prior in the radiotherapy indoor ward and premedication was given as instructed by the anesthetist. The applicator insertion was done in the operating room in the lithotomy position. After cleaning and draping, Foley's catheter was inserted into the urinary bladder and the bulb was inflated with 7 cc saline. After a thorough pelvic examination, uterine sounding was done and length of uterine cavity was measured. No Smitt sleeve was placed in the cervical opening. ICBT insertion was performed using Nucletron CT/MRI compatible applicator consisting of central tandem and two ovoids (Nucletron, Elekta AB, Stockholm, Sweden). Size of the ovoids was chosen according to the vaginal space. No rectal retractor was used. Adequate vaginal packing with roll gauze was done to increase the distance between applicator and bladder and rectum. The applicator was immobilized with T-bandage. A rectal marker was also placed to better visualize the rectum. The ICBT applicator insertion was similar in nonanesthesia group (NAG) patients, except the CS which was administered instead of GA/SA. For the CS, pentazocine 15-30 mg and phenergan 25 mg was given intravenously 20 min before the applicator insertion.
B. ICBt planning
After every applicator insertion, the patients were shifted to CT scan room for imaging. A planning CT scan of the whole pelvis was done with slice thickness of 3 mm. The images were then sent through DICOM-RT to brachytherapy planning system (PLATO planning system, version 14.1; Nucletron, The Netherlands). The applicator was reconstructed and the points A and B were marked, per International Commission on Radiation Units and Measurements (ICRU) Report 38. (8) Bladder and rectal points were marked on axial CT images, as shown in Fig. 1 . Multiple points were marked along the posterior surface of the Foley's bulb visible on serial CT images and the posterior most point or the point receiving the highest dose was labeled as bladder reference point (Bladder ref point). Similarly, multiple points at a distance of 9 mm were placed along the anterior most surface of the rectal marker tube starting from ano-rectal junction up to recto-sigmoid junction. The closest point to central tandem or the point receiving the highest dose was labeled as rectal reference point (Rectal ref point). Multiple active dwell positions were chosen in central tandem and ovoids at an interval of 2.5-5.0 mm to create a pear-shaped dose distribution (Fig. 2) C. Hdr-ICBt treatment After the plan approval, patients were taken to brachytherapy suite ((microSelectron; Nucletron, Elekta AB, Stockholm, Sweden) HDR remote after loading unit using Ir-192 radioactive source with initial activity of 10 Ci) for treatment delivery. Treatment was delivered with a prescription dose of 7 Gy to point A (one fraction each insertion). The applicator was removed immediately after the completion of treatment. A total of three HDR-ICBT applications were performed for each patient at weekly interval. Table 1 shows the various demographic and clinical characteristics of the patients. The two groups were well matched with respect to these attributes. There was one plan for each insertion. Thus a total of 138 plans were generated, 69 in each group. Dosimetric comparison of the two groups is presented in 
d. Statistical analysis

III. rESuLtS
IV. dISCuSSIon
The use of ICBT for gynecological malignancy was first reported by Margaret Cleaves in 1903. (9) Since then, ICBT has been the anchor of brachytherapy and represents an important milestone in the history of radiotherapy. It is a frequently practiced procedure in countries where cervical carcinoma is very common. Though ICBT has been vastly studied and constitutes an integral portion of cervical cancer treatment, there are limited studies (7, (10) (11) (12) (13) (14) regarding its anesthetic perspective. More so, the ICBT anesthesia studies have dealt with the efficacy and the toxicity aspect, but rarely with dosimetric perspective. To the best of our knowledge, there is only one study (15) in the literature so far, correlating the anesthesia and the ICBT dosimetry, and ours is the second such study. American Brachytherapy Society (ABS) guidelines (16, 17) suggest that different anesthetic forms may be used depending on the comfort of the patient. A Gynaecological Cancer Intergroup (GCIG) survey (6) revealed that for ICBT applicator insertion, 46% patients received GA, 27% SA, 28% CS, and 14% oral pain medication.
It is generally assumed that lack of GA/SA may result in inferior dosimetry due to improper ICBT applicator placement and poor vaginal packing. (17) The results of our present study have shown that performing HDR-ICBT without GA/SA does not provide inferior dosimetry. The mean bladder dose in the two groups was found comparable in our study. On the contrary, mean rectum dose in AG patients was significantly higher than NAG patients. This was an unexpected finding in our study and we do not attribute any specific reason for this. Anker et al. (15) in their study also unexpectedly observed significantly higher OAR (bladder) dose when intravenous anesthesia was used and cited no particular reason. They evaluated the dosimetry of 179 HDR-ICBT procedures performed in 31 patients to investigate the effects of patient characteristics and treatment variables on HDR-ICBT dosimetry. Fourteen patients were given intravenous anesthesia and the other 17 were managed by oral analgesics. Doses to various points of interest (per ICRU Report 38), including OARs and the pelvic sidewall, were assessed. Like our study, they also found that intravenous anesthesia usage was not correlated with improved dosimetry.
Recently, Bhanabhai et al. (18) studied the effectiveness of CS for pain control during HDR-ICBT using a ring-and-tandem applicator system for patients with cervical cancer. A total of 57 procedures were performed in 20 patients. They demonstrated good pain control with CS, and concluded that HDR-ICBT procedure can be successfully performed under CS but, unlike us, they did not evaluated dosimetry.
A study by Lim et al. (7) reported the complications arising from different forms of anesthesia used for HDR-ICBT. A total of 84 fractions of HDR brachytherapy were delivered to 18 eligible patients. Eight patients were treated with 3 fractions of 6 Gy each to Point A and 10 patients were given 6 fractions of 5.3 Gy to Point A. Nineteen fractions were given under GA, 41 under topical anesthesia and sedation, five under paracervical nerve block, and 19 under CS only. GA had significantly more complications than topical anesthesia or CS (p < 0.001). To avoid the risk of anesthesia related complications, Chen et al. (10) studied the use of 10% lidocaine vaginal application for HDR-ICBT in 40 patients and found it safe. They concluded that 10% lidocaine solution can significantly reduce the degree of painful sensation during HDR-ICBT. The overall duration of HDR-ICBT application procedure under GA/SA is relatively longer due to extra time required for administering GA/SA (Table 1) . In a high volume center, administering GA/SA for HDR-ICBT cases may consume a significant proportion of operation theater time. This might overburden the resources, resulting in prolonging the waiting list and limiting the number of cases. Prolonged overall treatment time has been proved to adversely affect the outcome of cervical cancer patients. (19) Since ours is a high volume center performing about 20-25 HDR-ICBT applicator insertions in a week, administering GA/SA would limit the number of ICBT applications in a given day. This was our main reason for switching over from GA/SA to CS, though we were skeptical about the inferior dosimetric outcome. The results of our analysis have removed this skepticism. In our current practice, we rarely use GA/SA, and only for patients who are not cooperative enough and who feel pain/discomfort due to HDR-ICBT applicator insertion.
We realize the limitations of our study: 1) retrospective and nonrandomized nature; 2) no attempt to evaluate the pain and discomfort due to lack of GA/SA and complications related to GA/SA; 3) dosimetric analysis not according to recent GEC-ESTRO guidelines, (20) which will be increasingly followed in future. This was not possible in our study since half of the patients (AG patients) were treated before 2007 when the GEC-ESTRO guidelines were not widely adopted in practice. Despite these limitations, the findings of our study have highlighted the unexplored impact of anesthesia on HDR-ICBT dosimetry, an equally important concern with any brachytherapy procedure, and would certainly interest the readers.
V. ConCLuSIonS
Although based on conventional 2D dosimetry planning, our study has demonstrated that avoiding GA/SA does not result in inferior ICBT dosimetry. Therefore, for routine ICBT applicator insertion in a high volume center, use of GA/SA may be safely avoided and reserved for patients who are uncooperative due to the fear of pain or discomfort. This approach would reduce the burden of anesthesia team, and time gained due to avoidance of GA/SA would result in treating larger number patients with cervical cancer.
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